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The present invention relates to safety systems for power equipment, and more 
particularly to a spring-biased brake mechanism for use on power equipment, such as 
woodworking machines. 



Safety systems are often employed with power equipment such as table saws, 
miter saws, band saws, jointers, shapers, circular saws and other woodworking 
machinery, to minimize the risk of injury when using the equipment. Probably the most 
common safety feature is a guard that physically blocks an operator from making contact 
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with dangerous components of machinery, such as belts, shafts or blades. In many cases, 
guards effectively reduce the risk of injury, however, there are many instances where the 
nature of the operations to be performed precludes using a guard that completely blocks 
access to hazardous machine parts. 

The present invention discloses a safety system, and power equipment 
incorporating a safety system, that includes a spring-biased brake mechanism adapted to 
engage the blade or other cutting tool to protect the user against serious injury if a 
dangerous, or triggering, condition, such as contact between the user's body and the blade 
or other cutting tool, occurs. The brake mechanism includes a pawl that is biased to 
engage and quickly stop the blade or other cutting tool. 

Brief Description of the Drawings 

Fig. 1 is a schematic block diagram of a machine with a fast-acting safety system 
according to the present invention. 

Fig. 2 is a schematic diagram of an exemplary safety system in the context of a 
machine having a circular blade. 

Fig. 3 is a schematic diagram of the safety system of Fig. 2 including another 
spring-biased brake mechanism according to the present invention. 

Fig. 4 is a schematic diagram of the safety system of Fig. 2 including another 
spring-biased brake mechanism according to the present invention. 

Fig. 5 is a schematic diagram of the safety system of Fig. 2 including another 
spring-biased brake mechanism according to the present invention. 



Fig. 6 is a schematic diagram of the safety system of Fig. 2 including another 
spring-biased brake mechanism according to the present invention. 

Fig. 7 is a schematic diagram of the safety system of Fig. 2 including another 
spring-biased brake mechanism according to the present invention. 

Fig. 8 is a fragmentary top plan view of another spring-biased brake mechanism 
according to the present invention. 

Fig. 9 is a fragmentary top plan view of another spring-biased brake mechanism 
according to the present invention. 

Fig. 10 is a fragmentary side elevation view of another spring-biased brake 
mechanism according to the present invention. 

Fig. 1 1 is a fragmentary side elevation view of another spring-biased brake 
mechanism according to the present invention. 

Fig. 12 is a fragmentary side elevation view of another spring-biased brake 
mechanism according to the present invention. 

Fig. 13 is a fragmentary side elevation view of another spring-biased brake 
mechanism according to the present invention. 

Fig. 14 is a cross-sectional side elevation view of another spring-biased brake 
mechanism according to the present invention. 

Fig. 15 is an end elevation view of the brake mechanism of Fig. 14. 

Fig. 16 is a cross-sectional side elevation view of another spring-biased brake 
mechanism according to the present invention. 



Fig. 17 is a cross-sectional side elevation view of another spring-biased brake 
mechanism according to the present invention. 

Fig. 18 is a top plan view of another spring-biased brake mechanism according to 
the present invention. 

Fig. 19 is a side elevation view of another spring-biased brake mechanism 
according to the present invention. 

Fig. 20 is a bottom plan view of the brake mechanism of Fig. 19. 

Fig. 21 is a side elevation view of another spring-biased brake mechanism 
according to the present invention. 

Detailed Description 

A machine is shown schematically in Fig. 1 and indicated generally at 10. 
Machine 10 may be any of a variety of different machines adapted for cutting 
workpieces, such as wood, including a table saw, miter saw (chop saw), radial arm saw, 
circular saw, band saw, jointer, planer, etc. Machine 10 includes an operative structure 12 
having a cutting tool 14 and a motor assembly 16 adapted to drive the cutting tool. 
Machine 10 also includes a safety system 18 configured to minimize the potential of a 
serious injury to a person using machine 10. Safety system 18 is adapted to detect the 
occurrence of one or more dangerous, or triggering, conditions during use of machine 10. 
If such a dangerous condition is detected, safety system 18 is adapted to engage operative 
structure 12 to limit any injury to the user caused by the dangerous condition. 

Machine 10 also includes a suitable power source 20 to provide power to operative 
structure 12 and safety system 18. Power source 20 may be an external power source 



such as line current, or an internal power source such as a battery. Alternatively, power 
source 20 may include a combination of both external and internal power sources. 
Furthermore, power source 20 may include two or more separate power sources, each 
adapted to power different portions of machine 10. 
5 It will be appreciated that operative structure 12 may take any one of many 

different forms, depending on the type of machine 10. For example, operative structure 
12 may include a stationary housing configured to support motor assembly 16 in driving 

Q 

* engagement with cutting tool 14. Alternatively, operative structure 12 may include a 
J movable structure configured to carry cutting tool 14 between multiple operating 

pi 

Tib positions. As a further alternative, operative structure 12 may include one or more 

si 

p transport mechanisms adapted to convey a workpiece toward and/or away from cutting 

£ tool 14. 

U ' 

P Motor assembly 16 includes one or more motors adapted to drive cutting tool 14. 

The motors may be either directly or indirectly coupled to the cutting tool, and may also 

15 be adapted to drive workpiece transport mechanisms. Cutting tool 14 typically includes 
one or more blades or other suitable cutting implements that are adapted to cut or remove 
portions from the workpieces. The particular form of cutting tool 14 will vary depending 
upon the various embodiments of machine 10. For example, in table saws, miter saws, 
circular saws and radial arm saws, cutting tool 14 will typically include one or more 

20 circular rotating blades having a plurality of teeth disposed along the perimetrical edge of 
the blade. For a jointer or planer, the cutting tool typically includes a plurality of radially 
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spaced-apart blades. For a band saw, the cutting tool includes an elongate, circuitous 
tooth-edged band. 

Safety system 18 includes a detection subsystem 22, a reaction subsystem 24 and a 
control subsystem 26. Control subsystem 26 may be adapted to receive inputs from a 
5 variety of sources including detection subsystem 22, reaction subsystem 24, operative 
structure 12 and motor assembly 16. The control subsystem may also include one or 
more sensors adapted to monitor selected parameters of machine 10. In addition, control 

tan' 

^! subsystem 26 typically includes one or more instruments operable by a user to control the 
machine. The control subsystem is configured to control machine 10 in response to the 

py 

ftp inputs it receives. 

% { Detection subsystem 22 is configured to detect one or more dangerous, or 

M' triggering, conditions during use of machine 10. For example, the detection subsystem 
p may be configured to detect that a portion of the user's body is dangerously close to, or in 
contact with, a portion of cutting tool 14. As another example, the detection subsystem 
15 may be configured to detect the rapid movement of a workpiece due to kickback by the 
cutting tool, as is described in U.S. Provisional Patent Application Serial No. 60/182,866, 
filed February 16, 2000, the disclosure of which is herein incorporated by reference. In 
some embodiments, detection subsystem 22 may inform control subsystem 26 of the 
dangerous condition, which then activates reaction subsystem 24. In other embodiments, 
20 the detection subsystem may be adapted to activate the reaction subsystem directly. 

Once activated in response to a dangerous condition, reaction subsystem 24 is 
configured to engage operative structure 12 quickly to prevent serious injury to the user. 

6 



It will be appreciated that the particular action to be taken by reaction subsystem 24 will 
vary depending on the type of machine 10 and/or the dangerous condition that is 
detected. For example, reaction subsystem 24 may be configured to do one or more of the 
following: stop the movement of cutting tool 14, disconnect motor assembly 16 from 
5 power source 20, place a barrier between the cutting tool and the user, or retract the 
cutting tool from its operating position, etc. The reaction subsystem may be configured to 
take a combination of steps to protect the user from serious injury. Placement of a barrier 

r«=! 
ten' 

- 1 between the cutting tool and teeth is described in more detail in U.S. Provisional Patent 

vJ 

Jg Application Serial No. 60/225,206, filed August 14, 2000, entitled "Cutting Tool Safety 

rtO System," and U.S. Patent Application Serial No. , filed August 13, 2001, entitled 

* n "Cutting Tool Safety System," the disclosures of which are herein incorporated by 

y, reference. Retraction of the cutting tool from its operating position is described in more 

Ui 

O detail in U.S. Provisional Patent Application Serial No. 60/225,089, filed 
August 14, 2000, entitled "Retraction System For Use In Power Equipment," and U.S. 

15 Patent Application Serial No. , filed August 13, 2001, entitled "Retraction System For 

Use In Power Equipment," the disclosures of which are herein incorporated by reference. 

The configuration of reaction subsystem 24 typically will vary depending on 
which action(s) are taken. In the exemplary embodiment depicted in Fig. 1, reaction 
subsystem 24 is configured to stop the movement of cutting tool 14 and includes a brake 

20 mechanism 28, a biasing mechanism 30, a restraining mechanism 32, and a release 
mechanism 34. Brake mechanism 28 is adapted to engage operative structure 12 under 
the urging of biasing mechanism 30. During normal operation of machine 10, restraining 
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mechanism 32 holds the brake mechanism out of engagement with the operative 
structure. However, upon receipt of an activation signal by reaction subsystem 24, the 
brake mechanism is released from the restraining mechanism by release mechanism 34, 
whereupon, the brake mechanism quickly engages at least a portion of the operative 
5 structure to bring the cutting tool to a stop. 

It will be appreciated by those of skill in the art that the exemplary embodiment 
depicted in Fig. 1 and described above may be implemented in a variety of ways 

O 

^| depending on the type and configuration of operative structure 12. Turning attention to 
[fi Fig. 2, one example of the many possible implementations of safety system 18 is shown. 

m 

fib System 18 is configured to engage an operative structure having a cutting tool in the form 

Si 

U of a circular blade 40 mounted on a rotating shaft or arbor 42. Blade 40 includes a 

y. plurality of cutting teeth (not shown) disposed around the outer edge of the blade. As 
UJ 

p described in more detail below, braking mechanism 28 is adapted to engage the teeth of 
blade 40 and stop the rotation of the blade. U.S. Provisional Patent Application Serial 

15 No. 60/225,210, filed August 14, 2000, entitled 'Translation Stop For Use In Power 

Equipment," and U.S. Patent Application Serial No. , filed August 13, 2001, entitled 

'Translation Stop For Use In Power Equipment," the disclosures of which are herein 
incorporated by reference, describes other systems for stopping the movement of the 
cutting tool. U.S. Provisional Patent Application Serial No. 60/225,058, filed 

20 August 14, 2000, entitled 'Table Saw With Improved Safety System" U.S. Patent 

Application Serial No. , filed August 13, 2001, entitled 'Table Saw With Improved 

Safety System," U.S. Provisional Patent Application Serial No. 60/225,057, filed 

8 



August 14, 2000, entitled "Miter Saw With Improved Safety System," and U.S. Patent 

Application Serial No. , filed August 13, 2001, entitled "Miter Saw With Improved 

Safety System," the disclosures of which are herein incorporated by reference, describe 
safety system 18 in the context of particular types of machines 10. 
5 In the exemplary implementation, detection subsystem 22 is adapted to detect the 

dangerous condition of the user coming into contact with blade 40. The detection 
subsystem includes a sensor assembly, such as contact detection plates 44 and 46, 

O 

Jp[ capacitively coupled to blade 40 to detect any contact between the user's body and the 
blade. Typically, the blade, or some larger portion of cutting tool 14 is electrically 

BE i 
= U 

HO isolated from the remainder of machine 10. Alternatively, detection subsystem 22 may 

SI 

% : include a different sensor assembly configured to detect contact in other ways, such as 

ha' 

m 

optically, resistively, etc. In any event, the detection subsystem is adapted to transmit a 

yy 

R signal to control subsystem 26 when contact between the user and the blade is detected. 
Various exemplary embodiments and implementations of detection subsystem 22 are 

15 described in more detail in U.S. Provisional Patent Application Serial No. 60/225,200, 
filed August 14, 2000, entitled "Contact Detection System For Power Equipment," U.S. 

Patent Application Serial No. , filed August 13, 2001, entitled "Detection System for 

Power Equipment," U.S. Provisional Patent Application Serial No. 60/225,211, filed 
August 14, 2000, entitled "Apparatus And Method For Detecting Dangerous Conditions 

20 In Power Equipment," and U.S. Patent Application Serial No. , filed August 13, 2001, 

entitled "Apparatus And Method For Detecting Dangerous Conditions In Power 
Equipment," the disclosures of which are herein incorporated by reference. 
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Control subsystem 26 includes one or more instruments 48 that are operable by a 
user to control the motion of blade 40. Instruments 48 may include start/stop switches, 
speed controls, direction controls, etc. Control subsystem 26 also includes a logic 
controller 50 connected to receive the user's inputs via instruments 48. Logic controller 
5 50 is also connected to receive a contact detection signal from detection subsystem 22. 
Further, the logic controller may be configured to receive inputs from other sources (not 
shown) such as blade motion sensors, workpiece sensors, etc. In any event, the logic 

□ 

& controller is configured to control operative structure 12 in response to the user's inputs 
*K through instruments 48. However, upon receipt of a contact detection signal from 

m 

HO detection subsystem 22, the logic controller overrides the control inputs from the user and 

M 

^ activates reaction subsystem 24 to stop the motion of the blade. Various exemplary 

ji embodiments and implementations of control subsystem 26 are described in more detail 
UJ 

Q in U.S. Provisional Patent Application Serial No. 60/225,059, filed August 14, 2000, 
entitled "Logic Control For Fast-Acting Safety System," U.S. Patent Application Serial 

15 No. , filed August 13, 2001, entitled "Logic Control For Fast- Acting Safety System," 

U.S. Provisional Patent Application Serial No. 60/225,094, filed August 14, 2000, 
entitled "Motion Detecting System For Use In Safety System For Power Equipment," and 

U.S. Patent Application Serial No. , filed August 13, 2001, entitled "Motion Detecting 

System For Use In A Safety System For Power Equipment," the disclosures of which are 

20 herein incorporated by reference. 

In the exemplary implementation, brake mechanism 28 includes a pawl 60 
mounted adjacent the edge of blade 40 and selectively moveable to engage and grip the 
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teeth of the blade. Pawl 60 may be constructed of any suitable material adapted to engage 
and stop the blade. As one example, the pawl may be constructed of a relatively high 
strength thermoplastic material such as polycarbonate or Acrylonitrile Butadiene Styrene 
(ABS), etc, or a metal such as aluminum, etc. It will be appreciated that the construction 
5 of pawl 60 will vary depending on the configuration of blade 40. In any event, the pawl is 
urged into the blade by a biasing mechanism in the form of a spring 66. In the illustrative 
embodiment shown in Fig. 2, pawl 60 is pivoted into the teeth of blade 40. It should be 

* understood that sliding or rotary movement of pawl 60 may also be used. The spring is 

fU 

yj adapted to urge pawl 60 into the teeth of the blade with sufficient force to grip the blade 

w 

86 and quickly bring it to a stop. 

Si 

L The pawl is held away from the edge of the blade by a restraining mechanism in 

m 

"3" Xi' 

y> the form of a fusible member 70. The fusible member is constructed of a suitable material 

W 

G adapted to restrain the pawl against the bias of spring 66, and also adapted to melt under a 

H' 

determined electrical current density. Examples of suitable materials for fusible member 
15 70 include NiChrome wire, stainless steel wire, etc. The fusible member is connected 
between the pawl and a contact mount 72. Preferably, fusible member 70 holds the pawl 
relatively close to the edge of the blade to reduce the distance the pawl must travel to 
engage the blade. Positioning the pawl relatively close to the edge of the blade reduces 
the time required for the pawl to engage and stop the blade. Typically, the pawl is held 
20 approximately 1/32-inch to 1/4-inch from the edge of the blade by fusible member 70, 
however other pawl-to-blade spacings may also be used within the scope of the invention. 
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Pawl 60 is released from its unactuated, or cocked, position to engage blade 40 by 



a release mechanism in the form of a firing subsystem 76. The firing subsystem is 



coupled to contact mount 72, and is configured to melt fusible member 70 by passing a 



surge of electrical current through the fusible member. Firing subsystem 76 is coupled to 



5 logic controller 50 and activated by a signal from the logic controller. When the logic 



controller receives a contact detection signal from detection subsystem 22, the logic 



controller sends an activation signal to firing subsystem 76, which melts fusible member 
^ 70, thereby releasing the pawl to stop the blade. Various exemplary embodiments and 



£i implementations of reaction subsystem 24 are described in more detail in U.S. 

R! 

rib Provisional Patent Application Serial No. 60/225,056, filed August 14, 2000, entitled 

1; "Firing Subsystem For Use In A Fast Acting Safety System," U.S. Patent Application 

CO 

M Serial No. , filed August 13, 2001, entitled "Firing Subsystem For Use In A Fast- 

W 

H Acting Safety System/* U.S. Provisional Patent Application Serial No. 60/225,169, filed 
August 14, 2000, entitled "Brake Mechanism For Power Equipment," and U.S. Patent 



15 Application Serial No. , filed August 13, 2001, entitled "Brake Mechanism For Power 



Equipment," the disclosures of which are herein incorporated by reference. 



It will be appreciated that activation of the brake mechanism will require the 



replacement of one or more portions of safety system 18. For example, pawl 60 and 



fusible member 70 typically must be replaced before the safety system is ready to be used 



20 again. Thus, it may be desirable to construct one or more portions of safety system 18 in 



a cartridge that can be easily replaced. For example, in the exemplary implementation 



depicted in Fig. 2, safety system 18 includes a replaceable cartridge 80 having a housing 
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82. Pawl 60, spring 66, fusible member 70 and contact mount 72 are all mounted within 
housing 82. Alternatively, other portions of safety system 18 may be mounted within the 
housing. In any event, after the reaction system has been activated, the safety system can 
be reset by replacing cartridge 80. The portions of safety system 18 not mounted within 
the cartridge may be replaced separately or reused as appropriate. Various exemplary 
embodiments and implementations of a safety system using a replaceable cartridge are 
described in more detail in U.S. Provisional Patent Application Serial No. 60/225,201, 
filed August 14, 2000, entitled "Replaceable Brake Mechanism For Power Equipment," 

U.S. Patent Application Serial No. , filed August 13, 2001, entitled "Replaceable 

Brake Mechanism For Power Equipment," U.S. Provisional Patent Application Serial 
No. 60/225,212, filed August 14, 2000, entitled "Brake Positioning System," and U.S. 

Patent Application Serial No. , filed August 13, 2001, entitled "Brake Positioning 

System," the disclosures of which are herein incorporated by reference. 

While one particular implementation of safety system 18 has been described, it 
will be appreciated that many variations and modifications are possible within the scope 
of the invention. Many such variations and modifications are described in U.S. 
Provisional Patent Application Serial No. 60/182,866, filed February 16, 2000, and U.S. 
Provisional Patent Application Serial No. 60/157,340, filed October 1, 1999, the 
disclosures of which are herein incorporated by reference. 

As discussed, safety system 18 includes a brake mechanism 28 that is adapted to 
stop the cutting tool, thereby preventing or reducing injury to the user. As also discussed 
previously, brake mechanism may include at least one pawl 60 adapted to engage the 
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cutting tool to stop its rotation. Illustrative examples of suitable pawls are disclosed in 
copending U.S. Provisional Patent Application Serial No. 60/225,169, filed 
August 14, 2000, entitled "Brake Mechanism For Power Equipment," and U.S. Patent 

Application Serial No. , filed August 13, 2001, entitled "Brake Mechanism For Power 

Equipment," which are incorporated herein by reference. For purposes of the following 
discussion, cutting tool 14 will be described in the context of a blade 40, such as on a 
table saw, miter saw, circular saw or the like. It should be understood that blade 40 may 
include single blades, such as plywood or carbide-tipped blades, or an assembly of 
several blades, such as a dado blade. 

As further discussed, pawl 60 is urged from its cocked, or restrained, position 
toward blade 40 or other cutting tool by biasing mechanism 30. In Fig. 2, biasing 
mechanism 30 includes a spring 66. From its compressed position shown in Fig. 2, 
spring 66 biases the pawl to move into engagement with blade 40. In Fig. 2, a restraining 
mechanism 32 is shown restraining pawl 60 from moving toward the blade under the 
biasing force exerted by spring 66. However, upon release of restraining mechanism 32, 
the pawl is no longer retained in its cocked position. As such, the pawl moves quickly 
into engagement with the blade under the force exerted by spring 66, such as shown in 
Fig. 3. An example of how restraining mechanism 32 may release the pawl is when a 
sufficiently high current is passed through fusible member 70. Other suitable release and 
restraining mechanisms are disclosed in copending U.S. Provisional Patent Application 
Serial No. 60/225,056, filed August 14, 2000, entitled "Firing Subsystem For Use In A 
Fast- Acting Safety System," and U.S. Patent Application Serial No. , filed 

14 



August 13, 2001, entitled "Firing Subsystem For Use In A Fast-Acting Safety System " 



which are incorporated herein by reference. 

In Fig. 2, the particular embodiment of spring 66 shown is a coiled compression 
spring. As used herein, spring 66 will be used to refer to any suitable spring generally, 
5 such as any of the particular types of springs discussed herein or other suitable spring 
mechanisms known in the art. Particular types of springs are referred to herein with 



particular reference numbers, such as coiled compression spring 402. In Figs. 2-3 and the 

u 

*S subsequent figures, various embodiments of spring-biased brake mechanisms are shown 

fy 

and described and include various elements, subelements and possible variations. It 

III 

m should be understood that spring-biased brake mechanisms according to the present 

Si 

jL, invention may include any one or more of these elements, subelements and variations, 

M= regardless of whether those elements, subelements or variations are shown in the same or 
W 

O different figures or descriptions. 

The speed at which the pawl will engage and stop the blade is dependent upon the 

15 force exerted upon pawl 60 by the spring. Therefore, the more force the spring exerts 
upon the pawl, the faster the pawl will travel the distance from its restrained position to 
the blade. In experiments, springs that exert forces in the range of 10 pounds to 500 
pounds upon the pawl have proven effective, with springs that exert forces in the range of 
50 and 200 pounds being preferred, and a 100-pound force proving particularly effective. 

20 The spring selected should have sufficient force to move the brake pawl into 

contact with the blade or other cutting tool or portion of operative structure 12 within the 
desired time frame. It will be understood by those of skill in the art that the appropriate 



15 



spring force may be calculated from the pawl-to-blade separation, the weight of the pawl, 
and the desired length of time necessary to move the pawl into contact with the blade 
(transit time). As discussed in U.S. Provisional Patent Application Serial No. 
60/225,200, filed August 14, 2000, entitled "Contact Detection System For Power 

5 Equipment," and U.S. Patent Application Serial No. , filed August 13, 2001, entitled 

"Detection System For Power Equipment," which are incorporated herein by reference, it 
may be desirable that the brake pawl move into contact with the blade or other cutting 

O 

L | j tool within approximately one to approximately three milliseconds (ms) after being 
y?i released from the restraining mechanism. Thus, for a pawl-to-blade separation of 1/32- 

ny 

Bo inch, the selected spring should have sufficient force to accelerate the pawl at over 500 

S! 

JL t ft/s 2 to achieve a transit time of approximately 3-ms, or sufficient force to accelerate the 

H< pawl at over 5,000 ft/s 2 to achieve a transit time of approximately 1-ms. Similarly, for a 
W 

pawl-to-blade separation of 1/8-inch, the spring should have sufficient force to generate a 
pawl acceleration of over 2,000 ft/s 2 for a transit time of approximately 3-ms, or a pawl 

15 acceleration of over 20,000 ft/s 2 for a transit time of approximately 1-ms. Likewise, for a 
pawl-to-blade separation of 1/4-inch, the spring should have sufficient force to generate a 
pawl acceleration of over 4,500 ft/s 2 for a transit time of approximately 3-ms, or a pawl 
acceleration of over 40,000 ft/s 2 for a transit time of approximately 1-ms. 

Once the acceleration has been determined (and ignoring frictional forces), the 

20 necessary spring force may be calculated from the acceleration and the weight of the 
pawl. For example, given a pawl-to-blade separation of 1/32-inch, the 100-lb. spring 
mentioned above would be sufficient to move a 5-lb. brake pawl into contact with the 

16 



• ft 

blade in approximately 3-ms, or a 9-oz. brake pawl in approximately 1-ms. Similarly, 
given a pawl-to-blade separation of 1/8-inch, the 100-lb. spring would be sufficient to 
move a 1.4-lb. brake pawl into contact with the blade in approximately 3-ms, or a 2-oz. 
brake pawl in approximately 1-ms. Likewise, given a pawl-to-blade separation of 1/4- 
inch, the 100-lb. spring would be sufficient to move an 11-oz. brake pawl into contact 
with the blade in approximately 3-ms, or a 1-oz. brake pawl in approximately 1-ms. 
Similar calculations may be performed for the 10-lb., 50-lb., 200-lb., and 500-lb. springs 
mentioned above, as well as for any other spring force or pawl weight. 

However, it should be remembered that the restraining mechanism not only must 
counteract the force exerted by the spring, but also must be able to quickly release the 
pawl from its cocked position. Therefore, there may be a tradeoff between increasing the 
spring force and increasing the complexity, strength and cost of the restraining 
mechanism to be able to restrain the increase in spring force. Also, any mechanical 
advantage from the placement and associated structure, if any, coupling the spring to the 
pawl should be taken into account. 

Brake mechanisms utilizing other springs 66 are shown in Figs. 4-6. In Fig. 4, 
spring 66 takes the form of a leaf spring 404, which has base portion 406 and a pawl- 
engaging portion 408 adapted to engage and urge pawl 60 toward blade 40. Base portion 
406 is secured to a suitable mounting assembly 410. Mounting assembly 410 may be any 
suitable structure that supports the base portion of the leaf spring to bias the pawl- 
engaging portion 408 toward the pawl. As shown, leaf spring 404 is a cantilevered leaf 
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spring. Another example of a suitable mounting assembly 410 is shown in Fig. 5, in 
which the mounting assembly includes a plurality of spaced-apart supports 411. 

In Fig. 6, a torsion spring 412 is utilized to bias pawl 60 into engagement with 
blade 40. Spring 412 includes a fixed end 414, a biasing end 416 adapted to engage pawl 
5 60, and a coiled portion 418 intermediate the ends. As shown, torsion spring 412 is 
mounted on the same pin or axle 420 that pawl 60 is mounted upon. It is within the scope 
of the invention that spring 412 may be interposed between the axle and the pawl, 
L £ mounted on the axle adjacent or spaced-apart from the pawl, or mounted on structure 

.? - other than axle 420. 

W 

rtO In Fig. 7, an extension spring 422 is shown. Unlike a compression spring that 

si 

jL resists compressive forces, extension spring 422 resists being elongated from its resting, 

P or zero load, position. Therefore, instead of pushing or urging pawl 60 toward the blade 
U 

O by pushing upon the pawl, extension spring 422 pulls the pawl toward the blade or other 
id- 
cutting tool. As shown, extension spring 422 includes a biasing end portion 424 coupled 

15 to the pawl and a fixed end portion 426 coupled to a suitable mounting assembly 410 
disposed generally toward the blade relative to the biasing end portion. The mounting 
assembly to which fixed end portion 426 is coupled may include a linkage, or mount, 428 
that couples the end portion to the mounting assembly. Similarly, biased end portion 426 
may be coupled to the pawl or other structure that moves with the pawl by a linkage or 

20 mount 430. Mounting assembly 410 may include any suitable structure able to support 
fixed end portion 426 without interfering with the operation of machine 10. For example, 
it may be mounted adjacent blade 40, coupled to the blade's arbor, mounted on structure 
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that moves with the blade as the blade is tilted, raised or lowered, etc. Alternatively, 
extension spring 422 may act upon a portion of the pawl, or linkage coupled thereto, that 
is on the other end of the pawl's pivot axis than the blade-engaging portion of the pawl. 
This configuration is illustrated in dashed lines in Fig. 7. This configuration may be 
5 preferred because mounting assembly 410 is spaced further away from the blade, and 
may be more easily positioned. 

Although a single spring 66 is shown in Figs. 2-7, it should be understood that 

O 

brake mechanism 28 may include more than one spring. For example, in the illustrative 

MM 

rii 

$ embodiment shown in Fig. 7, a pair of extension springs 422 may be used, such as shown 

rsi 

Qb in Fig. 8. When two or more springs are used, they may be of similar or different types 

S! 

and strengths. 

00 

h>< In Figs. 2-8, springs 66 are shown directly engaging pawls 60. It should be 

UJ 

P understood that the springs may alternatively engage other structure in communication 
with pawl 60. For example, springs 66 may engage one or more linkages through which 

15 the spring's biasing force is passed to the pawl. In such a configuration, restraining 
mechanism 32 may restrain any suitable portion of the biasing mechanism and pawl 
assembly to prevent the pawl from being moved into engagement with the blade or other 
cutting tool. For example, in the context of a restraining mechanism that includes a 
fusible member 70, the fusible member may be coupled to pawl 60, spring 66, or the one 

20 or more linkages interconnecting the spring and pawl. 

An example of a brake mechanism 28 in which spring 66 directly engages a 
linkage instead of pawl 60 is shown in Fig. 9 in the context of a brake mechanism having 
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a pair of pawls 60 adapted to engage a blade 40. As shown, pawls 60 include blade- 
engaging portions 434 adapted to engage blade 40. Pawls 60 are pivotal about axles or 
pins 436 and include distal portions 438 to which linkages 440 are coupled. Linkages 
440 are further coupled to a spring-engaging linkage 442, which as shown, includes an 
5 end 444 adapted to be moved toward blade 40, thereby drawing the blade-engaging 
portions of the pawls into contact with the blade. In Fig. 9, a compression spring 402 is 
shown engaging linkage 442, however, any of the springs described herein could be used. 

u 

* Springs 66 may also exert a biasing force upon an engagement mechanism instead 

[r I of pawl 60. In such an embodiment, the force of the spring is not applied to the pawl 

ry 

lib unless restraining mechanism 32 releases the engagement mechanism or biasing 

Si 

jU mechanism to urge the pawl into engagement with the blade or cutting tool of machine 

9D 

M< 10. An advantage of such a brake mechanism is that the biasing mechanism is not 

y 

G exerting force upon the pawl until the pawl is urged into contact with blade 40. This 
may, but does not necessarily, enable pawl 60 to be selectively removed and replaced 

15 from the brake mechanism without disabling biasing mechanism 30. 

Additionally, or alternatively, biasing mechanism 30 may be self-contained as a 
module or cartridge that can be selectively removed and replaced from the rest of the 
brake mechanism when the fusible member or other portion of restraining mechanism 32 
that counteracts the force of spring 66 is secured between portions of this module. 

20 An example of a brake mechanism with an engagement mechanism is shown in 

Fig. 10. As shown, spring 66 acts upon engagement mechanism 446, which is depicted 
to include a pivotal plate 450. Plate 450 selectively prevents the spring's biasing force 
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from being exerted upon pawl 60. As shown, a restraining mechanism, such as fusible 
member 70, prevents plate 450 from pivoting about its axle 452 under the biasing force of 
spring 66. As a result, the pawl is not urged toward the blade. A module or cartridge 448 
is shown schematically in dashed lines, and is a possible rather than necessary element of 
5 brake mechanism 28. Module 448 typically will be mounted upon a suitable support or 
receiver in the machine, and may also include a connection with a suitable mechanism for 
releasing restraining mechanism 32. For example, contact mount 72 may be electrically 
^ connected to a portion of the release mechanism that does not form part of the 

!|| replaceable module. 

fli 

fU) A variation of this brake mechanism is shown in Fig. 11, in which engagement 

M 

jL, mechanism 446 takes the form of a slidable member 454 that is adapted to translate, or 

Si 

j4 slide, along tracks 456 toward and away from blade 40. As shown, fusible member 70 
UJ 

O restrains the slidable member 454 from moving toward the blade, thereby preventing the 

N ! 

spring from urging pawl 60 into contact with blade 40. Also shown in Fig. 11, is a 
15 variation of this brake mechanism, in which fusible member 70 extends across the travel 
path of slidable member 454 to prevent member 454 from moving under the force exerted 
by spring 66. In fact, fusible member 70 may itself form engagement mechanism 446, 
such as shown in Fig. 12, where the fusible member extends across the path of spring 66, . 
thereby preventing the spring from urging pawl 60 into the blade or other cutting tool. 
20 The brake mechanisms shown in Figs. 9-11 may also be understood as including 

biasing mechanisms 30 with compound release mechanisms because there is more than 
one step for the brake mechanism to be actuated and pawl 60 to engage the blade or other 
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cutting tool. Unlike the brake mechanisms shown in Figs. 3-8, in which the release of 
restraining mechanism 32 was all that was required for spring 66 to urge pawl 60 into the 
blade or other cutting tool, the brake mechanisms shown in Figs. 9-11 utilize a compound 
release to engage blade 40 with pawl 60. For example, the release of restraining 
5 mechanism 32 may free a portion of biasing mechanism 30 to move, such as to engage 
engagement mechanism 446 or a linkage, which in turn transfers this force to pawl 60. 

In Fig. 13, another example of a brake mechanism 28 with a compound release, or 

0 

^; compound release mechanism, is shown in the form of a self-contained actuator 
J£i assembly. As shown, spring 66 is housed in a shell 458 with an open end 460 through 

£ ! !s' 

16 which the spring, or a suitable linkage coupled to the spring, may extend upon release of 

SI 

!L, restraining mechanism 32. In the illustrative embodiment shown in Fig. 13, end 460 is at 

pf, 

P least partially covered by a spanning member 462 positioned between the spring and 

yy 

O pawl 60, Member 462 does not need to completely close end 460, however, it should 
prevent spring 60 from passing through end 460 and engaging pawl 60. Fusible member 

15 70, or another suitable embodiment of restraining mechanism 32, is coupled to member 
462 and prevents spring 66 from urging the spanning member into contact with pawl 60. 
As shown, member 70 passes through shell 458, and in the illustrated embodiment, spring 
66. It should be understood that shell 458 may be used with embodiments of brake 
mechanism 28 that do not include a compound release, in which case pawl 60 would 

20 typically abut the open end of the shell. 

Other exemplary embodiments of self-contained actuator assemblies are shown in 
Figs. 14 and 15, where restraining mechanism 32 is releasably coupled to a lever arm 464 
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that in turn is coupled to an end portion 466 of a carrier 468. Lever, or pivot, arm 464 
pivots about a pivot axis defined by a projecting portion 465 on shell 458. It should be 
remembered that arm 464, carrier 468 and shell 458 (including portion 465) must be 
sufficiently strong to withstand the force of spring 66. End portion 466 of carrier 468 
should be mounted on arm 464 so that it will release relatively immediately upon release 
of restraining mechanism 32 and initial pivoting of arm 464 about portion 465. 
Alternatively, arm 464 should be able to pivot without obstruction until pawl 60 is fully 
^; engaged with blade 40 so that the pivot arm does not impede the motion of pawl 60, and 
thereby increase the time required to stop blade 40. In such a configuration where arm 
464 pivots without restricting the motion of the pawl, arm 464 does not need to release 
from carrier 468, and instead these portions may remain coupled together. 
M< Carrier 468 includes an elongate support 470 that extends through shell 458 and 

© further includes a pawl-receiving portion 472 that is adapted to releasably receive pawl 
60, thereby allowing the pawl to be selectively removed and replaced without 
15 dismantling or otherwise disassembling the rest of brake mechanism 28. As shown, 
pawl-receiving portion 472 also forms a spanning member in that it prevents the spring 
from urging the pawl into engagement with blade 40. In Figs. 14 and 15, portion 472 and 
pawl 60 are shown having complimentary configurations so that the pawl may be coupled 
to the pawl-receiving portion without requiring additional securing mechanisms. In the 
20 embodiment shown, the pawl may be either slid onto portion 472 from an end, or 
alternatively by briefly deflecting portion 472 outwardly as the pawl is inserted into its 
mounted position. It will be appreciated, however, that additional securing mechanisms 
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may be used, such as screws, pins, and other releasable fasteners. Because neither spring 
66 nor fusible member 70 act directly upon the pawl or pawl-receiving portion, the 
coupling between these portions does not have to be strong. As a further variation, pawl 
60 may be fixedly secured to, or even integrally formed with, carrier 468, or at least the 
pawl-engaging portion thereof. 

A variation of a self-contained actuator is shown in Fig. 16, in which the length of 
carrier 468 is selectively adjustable, thereby allowing the relative positioning of the pawl 
relative to blade 40 to also be adjustable. As shown, support 470 includes a threaded 
portion 474 that is threadingly received into pawl-receiving portion 472. The length of 
carrier 468 may be adjusted by rotating support 470, such as via a user-manipulable 
portion 476, to increase or decrease the extent to which portion 474 is received into pawl- 
receiving portion 472. In Fig. 16, pawl-receiving portion 472 is also shown including 
key structure 478 that prevents pawl 60 from being installed into the pawl-receiving 
portion other than in a position defined by key structure 478. 

Another embodiment of a spring-biased brake mechanism is shown in Fig. 17. As 
shown, lever arm 464 includes an end portion 480 that couples to shell 458 proximate 
open end 460. In the embodiment shown, end portion 480 is received into a notch 481 in 
the shell, and includes a shoulder 482 about which the arm pivots upon release of 
restraining mechanism 32. Alternatively, shell 458 may include a ledge or projection 
upon which arm 464 is seated. Preferably, at least an end region 483 of elongate support 
470 generally conforms to the inner diameter of spring 66 to resist shifting or tilting of 
the carrier when in the restrained position shown in Fig. 17. 
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As shown, support 470 includes an edge 471 that extends generally parallel and 
against spring 66, with a generally opposed edge 473 tapering from pawl-receiving 
portion 472 toward end portion 466. Also shown in Fig. 17 is another example of a pawl- 
receiving portion 472 with a key structure 478. Edge 471 is on the side of support 470 
5 distal pivot arm 464 to stabilize the carrier during installation and while in the restrained 
position. Edge 473 is on the side of support 470 proximate lever arm 464 to allow the 
support to tilt as it is urged from shell 458 upon release of restraining mechanism 32. 



€\ This configuration of carrier 468 is an example of a carrier that may be integrally formed, 



not coupled to pivot arm 464 may be secured to any suitable supporting structure to allow 
the fusible member to counteract the force of spring 66. This supporting structure may 



Ci form part of the brake mechanism shown in Figs. 14-17, such as securing the fusible 



member to shell 458 or pawl-receiving portion 472. In such a configuration, the portions 
15 of the brake, biasing and restraining mechanisms shown in Figs. 14-17 form a self- 
contained module or self-contained actuator. 

In Fig. 18, an embodiment of a shell and pivot arm assembly is shown in which 
the distance between the pivot axis 484 of arm 464 and the region upon which arm 464 
supports carrier 468 is reduced from the embodiments shown in Figs. 14-16. As shown, 
20 arm 464 is pivotally coupled to shell 458 by a pair of mounts 485 and includes a carrier- 
receiving portion 486. In the embodiment shown in Fig. 18, arm 464 may have a 
generally planar configuration that allows the arm to extend against a portion of the 




or monolithic, with pawl 60. 



In the brake mechanisms shown in Figs. 14-17, the portion of fusible member 70 
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shell's end 487. Upon release of the restraining mechanism, arm 464 pivots relative to 
shell 458 and portion 486 pivots into the shell and releases the carrier to move under the 
force of spring 66. As shown, end 487 of shell 484 is sufficiently open to permit portion 
486 to pivot into the shell and release carrier 468. As shown, end 487 is also sufficiently 
5 obstructed to prevent spring 66 from passing therethrough. Also illustrated in Fig. 18 is 
an embodiment of support 470 that generally conforms to the inner dimension of spring 
66, thereby supporting carrier 468 against axial tilting within the shell as the carrier 
L 5 passes through the shell. Another suitable configuration for support 470 is shown in 

m 

$ dashed lines in Fig. 18. 

IU) In Figs. 19 and 20, another example of a spring-biased brake mechanism with a 

SI 

jL, lever arm 464 that releases from open end 460 of shell 458 is shown. As shown, arm 464 

H- is pivotally coupled to shell 458 by pins 488 and includes a pair of catches 489 that 

w 

p engage a spanning member 462. As shown, spanning member 462 includes a cover 490 
that covers open end 460 of shell 458 and includes projections 491 that are engaged by 

15 catches 489. Alternatively, spanning member 462 may include any other suitable 
configuration sufficient to prevent spring 66 from passing through, or urging another 
member through, end 460 prior to release of restraining mechanism 32. Preferably, 
catches 489 are shaped to release spanning member 462 as arm 464 begins to pivot upon 
release of restraining mechanism 32. 

20 In Fig. 21, another example of a spring-biased brake mechanism is shown. As 

shown, lever arm 464 and shell 458 are adapted to facilitate more uniform positioning of 
carrier 468, and thereby pawl 60, as arm 464 is secured in a cocked, or restrained, 
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position by restraining mechanism 32, such as fusible member 70. Prior to attachment of 
fusible member 70, lever arm 464 is pivoted about edge 492 of shell 458 as the arm is 
pivoted to the position shown in solid lines in Fig. 21. In this interval, there is a 
mechanical advantage achieved because the distance 493 between edge 492 and the 
5 proximate edge 494 of carrier 468 is much less than the distance 495 between edge 492 
and fusible member 70. However, to continue pivoting arm 464 downward, this 
mechanical advantage is lost because the fulcrum about which the arm is pivoted 

G 

J3 changes, as reflected by distances 493' and 495*. As shown, arm 464 now pivots about 

£\ 

^ the edge 496 of extension 498. The corresponding amount of force required to pivot arm 
HO 464 may be used as an indicator of when arm 464 is positioned properly, at which point 

V.! 

s fusible member 70 may be attached. Of course, if fusible member 70 is a preformed 

Si 

p : member of fixed length, then precise positioning of the lever arm 464 and pawl 60 are 
W 

G achieved simply by the attachment of the fusible member. 

H : 

It will be appreciated that the spring-biased brake mechanism described above 
15 may be implemented with many variations within the scope of the invention. For 
example, the spring-biased mechanisms disclosed herein may be used to drive the 
retraction of blade 40, such as on a table saw or a miter saw, such as described in 
copending U.S. Provisional Patent Application Serial No. 60/225,089, filed 
August 14, 2000, entitled "Retraction System For Use In Power Equipment," U.S. Patent 

20 Application Serial No. , filed August 13, 2001, entitled "Retraction System For Use In 

Power Equipment," U.S. Provisional Patent Application Serial No. 60/225,057, filed 
August 14, 2000, entitled "Miter Saw With Improved Safety System," and U.S. Patent 
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Application Serial No. , filed August 13, 2001, entitled "Miter Saw With Improved 

Safety System," which are incorporated herein by reference. 

It is believed that the disclosure set forth above encompasses multiple distinct 
inventions with independent utility. While each of these inventions has been disclosed in 
its preferred form, the specific embodiments thereof as disclosed and illustrated herein 
are not to be considered in a limiting sense as numerous variations are possible. The 
subject matter of the inventions includes all novel and non-obvious combinations and 



subcombinations of the various elements, features, functions and/or properties disclosed 



n herein. No single feature, function, element or property of the disclosed embodiments is 



fU) essential to all of the disclosed inventions. Similarly, where the claims recite "a" or "a 

SI 

~. first" element or the equivalent thereof, such claims should be understood to include 
GD 

y. incorporation of one or more such elements, neither requiring nor excluding two or more 
such elements. 

It is believed that the following claims particularly point out certain combinations 
15 and subcombinations that are directed to one of the disclosed inventions and are novel 
and non-obvious. Inventions embodied in other combinations and subcombinations of 
features, functions, elements and/or properties may be claimed through amendment of the 
present claims or presentation of new claims in this or a related application. Such 
amended or new claims, whether they are directed to a different invention or directed to 
20 the same invention, whether different, broader, narrower or equal in scope to the original 
claims, are also regarded as included within the subject matter of the inventions of the 
present disclosure. 
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